The present study investigated the population dynamics of the brinjal shoot and fruit borer Leucinodes orbonalis Guen (Pyralidae: lepidoptera) (an important pest of brinjal crop in Pakistan) to know that how weather parameters affect the population of the pest. For this purpose, brinjal crop was grown in three selected districts i.e. Peshawar, Mardan and Charsadda of khyber Pakhtunkhwa. The population dynamics in terms of adults attracted to pheromone traps recorded fortnightly and were correlated with the maximum and minimum temperature ( 0 C), % relative humidity and total rainfall. Results showed a significant (P<0.05) effect of allweather parameters on population of L. orbonalis in different locations. Weather parameters contributed an average change in pest population ranged from 62.39 to 78.98% during 2011 and 57.82 to 82.49% during 2012 in all districts. Results also showed that mean maximum temperature had a significant positive correlation with population of L. orbonalis but non-significant positive correlation with mean minimum temperature and maximum relative humidity. Similarly a negative correlation with mean minimum relative humidity and total rain fall was recorded during both the years.
Introduction
Brinjal or Eggplant (Solanum melongena L.) is an important vegetable grown and consumed worldwide in those areas having hot-wet climates [1] . In Pakistan its annual production is 87,000 million tons obtained from an area of nine thousand hectares [2]. It is a good source of minerals, antioxidants, vitamins, fibers and proteins [3, 4] . A group of insect pests attack this crop due to cultivation throughout the year, out of which brinjal shoot and fruit borer (Leucinodes orbonalis is most serious [5] . Brinjal fruit borer, Leucinodes orbonalis Guenee (Pyrilidae: Lepidoptera) is found a monophagus and very important pest on brinjal, however other plants belonging to family Solannaceae like tomato (Lycopersicon esculentum) and potato (Solanum tuberosum) and turkey berry (S. torvum) are reported to be hosts of this pest. Attack of this pest causes considerable damage to brinjal crop each year, affecting the quality and yield of the crop. A single larva of this pest can damage 4-6 fruits and many shoots [6] . Soon after hatching from eggs, young caterpillars search for and bore into tender shoots near growing points into flower buds or into the fruits. Caterpillars prefer fruits over other plant parts. Larvae go through at least five instars [7] and there are reports of the existence of six larval instars. Larval period lasts from 12 to 15 days in the summer and up to 22 days in winter [8] . The pest is very active during rainy and summer season and often causes more than 90-95% damage in south east Asian countries [9, 10] . It is also reported that the infestation of fruit borer causes reduction in Vitamin C content to an extent of 68% in the infested fruits [11] . Several biotic and abiotic factors contribute in lowering the yield in brinjal. Among various biotic factors, insect pests are important which greatly affect the quality and productivity of brinjal crop through inflicting a direct damage [12] . It is well documented in the literature that variation in population and damage of brinjal is highly correlated with weather conditions. Furthermore, climatic conditions are important in the life cycle of the borer because when temperature increases and humidity decreases fecundity increases and duration of life cycle decreases [13] . Keeping in view the importance of climate change for Pakistan, brinjal fruit consumption and infestation caused by fruit and shoot borer, this study was initiated to know the impact of weather condition or abiotic factors on population of this pest in central districts of Khyber Pakhtunkhwa.
Materials and methods
The experiments were carried out under RCB design replicated at least three times. All the agronomic practices were kept constant in all experiments. After transplantation of seedlings brinjal crop was regularly monitored on weekly basis and to study the population dynamic of the pest in three different districts i.e. Peshawar, Charsadda and Mardan, pheromone traps were installed in each location in the cropping seasons from April to December during the years 2011 and 2012. Pheromone trap was prepared as per Chatterjee, 2009 procedure. Lure was baited in a sleeve trap and the traps were erected 10m apart making sure the trap was just above the crop canopy. Districts selected for the purpose were different altitude wise. The population density in terms of moths captured in pheromone traps were correlated with the weather parameters including mean maximum and minimum temperature, percent relative humidity and mean rainfall. Standard agronomic practices included normal weeding, irrigation practices, fertilizer application etc. were followed as recommended for brinjal crop and no crop protection measure applied in the selected plots. Experiments were laid down in randomized complete block design (RCBD). Observations were recorded for each location and the mean maximum and minimum temperature, relative humidity and rainfall were recorded. Data regarding maximum and minimum temperature, relative humidity and rainfall were taken from Meteorological department and were correlated with the population (number of moths trapped) of brinjal fruit and shoot borer. The data was subjected to correlation (Pearson) analysis and linear multiple regression by using Statistical Software Statistix 8. In the first year of study L. orbonalis population had a non-significant positive correlation with mean minimum relative humidity (r= 0.052) but had a nonsignificant negative correlation with mean minimum relative humidity in second year of study (r= -0.056). Again the pest population had a non-significant negative correlation with total rain fall during both the years of study (r= -0.383 and r= -0.274 ). The multiple regression analysis indicated that the weather parameter contributed for 78.98 % and 82.49% of the total variation in L. orbonalis population during 2011 and 2012 respectively (Table 9 ). but significantly increased in 1 st week of September during both years of study in all locations.These findings are in similarity with those of Mannan et al. [15] who reported that the population of brinjal shoot and fruit borer varies in and had great fluctuation in different months of the year. Population increase starts in March and remain till end of September every year. In October the population and infestation started decreasing significantly. Further they reported that some other abiotic factors, temperature and rainfall have significant effect while relative humidity has no significant role. Kumar et al. [16] also studied the influence of weather on population fluctuation of brinjal shoot and fruit borer. monitoring. Population remained peaked in summer months and pest population trapped in traps has positive correlation with maximum and minimum temperature, and negatively correlated with relative humidity. Further they reported that rainfall has not influence trap catches significantly. In an earlier studies [25] who tested that climate has great effect on brinjal shoot and fruit borer population. It has positive correlation with maximum and minimum temperatures. A negative correlation was found with Humidity and rainfall. The variation in pest population across different timing of both years could be due to fluctuation in temperature, relative humidity and rainfall during the congenial period of crop growth and pest overlapping generations, which showed that this pest can easily complete two generations in a single year.
Conclusions
The pest appeared significantly in second week of May and remained active till October in all locations. Mean maximum temperature had a significant positive correlation with population of L. orbonalis but non-significant positive correlation with mean minimum temperature and maximum relative humidity. Similarly a negative correlation with mean minimum relative humidity and total rain fall was recorded during the whole study period. 
